Substrates for plants may present varied composition, from a single component to a complex mixture of different materials, which may present low, adequate or high plant nutrient concentrations. Some substrates, depending on the origin, may present high heavy metal concentrations. The determination of total element concentrations for the chemical characterization of these materials turns an important issue not only for fertilizer recommendation but also for quality control. The objective of this research was to evaluate the total concentrations of some elements in Brazilian commercial substrates using two heating processes, as well as to investigate the levels of heavy metals, which are related to the quality of the material. Nine organic substrates and one inorganic, commercialized in Brazil, were used for the determination of total-P, K, Ca, Mg, S, Na, Cu, Fe, Mn, Zn, Cd, Cr, Ni and Pb concentrations, using two digestion procedures (open system acid digestion and microwave-oven digestion. For P, K, Ca, Mg, Na, Mn, Zn and Cr the total element concentrations were very similar irrespective of the technique used, with angular coefficients close to 1.0. On the other hand, for S, Cu, Fe and Cd there was a variation above 20% in the total element concentrations. The nitric-perchloric digestion extracted around 26% more Cu when compared with nitric-microwave method. An opposite tendency was observed for the elements S and Fe, since the nitric-microwave procedure presented 21 to 29 % larger extraction, respectively. Total heavy metals determination is recommended for monitoring the composition of substrates used in agriculture.
INTRODUCTION
The substrate production in Brazil is an emerging segment that has demonstrated excellent growth and development capacity in the last few years. In spite of the lack of performance numeric indicators, a short survey among some of the more expressive Brazilian substrate producing companies, suggests that the attended demand for this product in the country is around 600 to 700 thousand cubic meters per year for an estimate total demand of 1.5 million cubic meters. There are about 30 to 40 wellestablished and structured companies, which nowadays are still adjusting technological production processes (Kampf, 2002) .
Substrates present varied composition, from a single component to a complex mixture of different materials and origins such as: mineral -(vermiculite, perlite); organic -(peat, chopped tree bark, composted or not, other vegetal fibers, etc.) or synthetic -(phenolic foams) (Kampf, 2002) . Moreover, substrate use in agriculture is an opportunity for the general recycling of agro-industry (agro-factories) residues what turns it attractive under the environment preservation stand point of view.
In the substrate formulation several components utilized may present low, adequate or high plant nutrient concentrations. Some substrates, depending on its origin, may present high heavy metal concentrations (Abreu et al., 2000) , causing toxicity to plants, animals and eventually to men. Thence, the determination of total element concentrations for the chemical characterization of these materials turns an important issue not only for fertilizer recommendation but also for quality control.
316
The conventional methods for total element determination consist on sample dissolution with one or more concentrated acids in an open system (digestion tubes), heated in an electric plate. Abu-Samra et al. (1975) introduced the acid digestion with microwave oven heating. This procedure was extended to several and varied sample types mainly biological ones. The microwave digestion efficiency is well recognized in the United States, being adopted as an official procedure for water samples, sediments, sewage sludge, soils and oils (Environmental Protection Agency, 1995) . Microwave oven digestion in closed containers might present some advantages such as the faster and efficient dissolution, lower acid consumption, reduced element loss due to volatilization and lower risk of extract contamination (Nadkarni, 1984) .
This research objective was to evaluate the total concentrations of some elements in Brazilian commercial substrates using two heating processes, as well as to investigate the levels of heavy metals, which are related to the quality of the material.
MATERIALS AND METHODS
Nine organic substrates and one inorganic, commercialized in Brazil, were used for the determination of total-P, K, Ca, Mg, S, Na, Cu, Fe, Mn, Zn, Cd, Cr, Ni and Pb concentrations: A-substrate for vegetables; coconut fiber; composted Pinus bark; Asubstrate for flowers; peat; A-substrate for coffee seedlings; B-substrate for vegetables; B1-substrate for citrus seedlings; B2-substrate for citrus; and vermiculite (inorganic). To the products coconut fiber; composted Pinus bark, A-substrate for coffee seedlings and B2-substrate for citrus (carbonized rice husks) no fertilizers were applied. The other products, as informed by the manufacturers, might or might not have been supplied with lime or fertilizers. Three sub-samples were taken from each material and submitted to chemical analyses according to the following methods: a) nitric-perchloric digestion: 500 mg (1 mg precision) of dry (60°C until constant mass) and milled sample material were transferred to digestion glass tubes, to which 5 mL of concentrated nitric acid (65%) was added; the mixture was homogenized and left overnight. The tubes were then heated in a digestion block at 160°C. When the digested solution was clear, the tubes were cooled and 2.0 mL of perchloric acid (70%) was added. The samples were again placed in the digestion block and the temperature was gradually raised to 210°C. Heating was turned off when the solution was completely clear and a white smoke started to evolve. After cooling, volume was completed to 50 mL with deionized water. b) microwave-oven digestion (EPA SW-846-3051): 500 mg (1 mg precision) samples were transferred to digestion flasks and 10 mL of concentrated nitric acid (65%) was added. Flasks rested open for about 15 minutes or until the reaction soothed. In the microwave oven, model (CEM MDS-2000) with 600 W maximum power, six flasks were simultaneously digested. Oven programming was: power -600 W; pressure -415 kPa (60 psi); TAP -10:00 min; time: 5:30min. After program ending flasks were cooled until they reached a pressure around 69 kPa (10 psi) and were carefully opened under dome. The flasks and the covers were rinsed in water and the solution transferred to 50 mL volumetric flasks, diluted with water and filtrate before the readings in ICP-OES.
The two digestion methods resultant solutions were directly analyzed in a ICP-OES (spectrometer model Jobin Yvon-JY 50P), using a "V-groove" type nebulizer for: P, S, Ca, Mg, B, Zn, Cu, Mn, Fe, Pb, Cd, Ni and Cr determinations. Na and K were determined by flame photometry. The data were submitted to regression analysis.
RESULTS AND DISCUSSION
As expected, substrate macro and micronutrients values varied from very low to high contents, due to the own material composition as in substrates (2) coconut fiber, (3) Pinus bark, (5) peat and (9) rice husks, which had no fertilizer addition, or due to fertilization, as in substrates (1, 4, 6, 7, 8 and 10). As an example, magnesium content was, in g kg -1 , 0.42 in peat and 1.98 in coconut fiber; and zinc content was, in mg kg -1 , 0.67 in peat and 96.27 in coconut fiber, using the microwave digestion (Table 1) .
The average element concentration varied largely among different substrates, for example, potassium showed a variation from 0.20 (peat) to 7.0 g kg -1 (coconut fiber) when nitric-acid microwave digestion was employed and of 0.23 (peat) to 8.00 g kg -1
(coconut fiber) when nitric-perchloric digestion was used.
It should be noticed the high heavy metal values found in some substrate samples (Table 1 ). The A substrate for coffee presented 1.2 mg kg -1 cadmium (Cd). Chromium (Cr) and nickel (Ni) were found in the following values, in mg kg -1 : 1475 (Cr) and 2217 (Ni) in vermiculite, 115 (Cr) and 107 (Ni) in the substrate for vegetables. At the present, no legislation is available to define the allowed limit levels for heavy metal content in substrates, but the above mentioned values are of concern if they are compared to the total maximum limits suggested for soils in the European Union, in mg kg -1 : 50-140 (Cu); 150-300 (Zn ); 1-3 (Cd); 100-150 (Cr); 30-75 (Ni) and 50-300 (Pb).
Both digestion methods showed similar results (Table 2 ) once most determination coefficients were significant with values close to 0.95.
The equation angular coefficients (B) showed that the total element concentration varied according to the technique used, despite the similar behavior of both digestions (R 2 > 0.941, with exception of lead (Pb) and Cd with no significant coefficients and of Zn with lower regression coefficient (0.870**). For P, K, Ca, Mg, Na, Mn, Zn and Cr the total element concentrations were very similar irrespective of the technique used, with angular coefficients close to 1.0. On the other hand, for S, Cu, Fe and Cd there was a variation above 20% in the total element concentrations ( Table 2 ). The nitric-perchloric digestion extracted around 26% more Cu when compared with nitric-microwave method. An opposite tendency was observed for the elements S and Fe, since the nitric-microwave procedure presented 21 to 29 % larger extraction, respectively.
CONCLUSIONS
Alongside with the nutrient availability determination, it is relevant the substrate total element concentration evaluation, especially for quality analysis purposes. Both tested digestion methods can be used for total P, K, Ca, Mg, Na, Mn, Zn and Cr substrate characterization. The same interpretation values can be used for P, K, Ca, Mg, Na, Mn, Zn and Cr, once the total element concentrations obtained through both digestion methods were very similar. Total heavy metals determination is recommended for monitoring the composition of substrates used in agriculture. 
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